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ABSTRACT AND LIST OF KEY WORDS 


This document presents the postflight trajectory for the Apollo/ 
saturn V AS-506 flight. Included is an analysis of the orbital 
and powered flight trajectories of the launch vehicle, the free 
flight trajectories of the expended S-IC and S-II Stages, and 
the slingshot trajectory of the S-IVB/IU. Trajectory dependent 
Parameters are provided in earth-fixed Taunch site, launch 
vehicle navigation, and geographic polar coordinate Systems. 

The time history of the trajectory parameters for the launch 
vehicle is presented from guidance reference release to Command/ 
service Module (CSM) separation. 


Tables of engine cutoff, stage separation, parking orbit in- 
sertion, and translunar injection conditions are included in 
this document. The heliocentric parameters of the S-IVB/IU 
are given. Figures of such Parameters as altitude, surface 
and cross ranges, and magnitudes of total velocity and accel- 
eration as a function of range time for the powered flight 
trajectories are presented. 


The following is a list of key words for use in indexing this 
document for data retrieval: 


Apollo/Saturn YV 
AS-506 

Postflight Trajectory 
Powered Flight Trajectory 
Orbital Trajectory 

Spent Stage Trajectory 
Slingshot Trajectory 
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SECTION 1 
SUMMARY AND INTRODUCTION 


The Apollo/Saturn V AS-506 vehicle was launched from Launch 
Complex 39, Pad A at the Kennedy Space Center on July 16, 1969, 
at 8:32:00 A.M. Eastern Standard Time (Range Time Zero) at an 
azimuth of 90 degrees east of north. Range time, which is 
referenced to Range Time Zero, is used throughout this document 
unless otherwise specified. Guidance reference release (GRR) 
Was established to have occurred at -16.968 seconds. First 
motion occurred at 0.3 second. At 13.? seconds, a roll maneuver 
was initiated, orienting the vehicle to a Flight azimuth of 
72.058 degrees east of north. This Flight azimuth, dependent 
on the launch time, launch day and month, is calculated using 
polynomial coefficients taken from the guidance presettings in 
order to achieve the desired translunar targeting parameters. 
The translunar targeting parameters are functions of the moon 
position, earth parking orbit Inclination, earth-moon distance, 
and moon travel rate. 


The vehicle performed with only minor deviations throughout the 
entire flight. The vehicle was inserted into a parking orbit 
at 799.33 seconds at an altitude of 191.1 km (103.2 n mi) and a 
total space-fixed velocity of 7,793.1 m/s (25,567.9 ft/s). The 
vehicle remained in orbit for approximately one and one-half 
revolutions. The S-IVB stage was restarted during the second 
revolution approximately midway between Australia and Hawaii, 
at 9,856.2 seconds. 


At 10,213.03 seconds, the vehicle was injected onto a circum- 
lunar trajectory at an altitude of 334.4 km (180.6 n mi) anda 
total space-fixed velocity of 10,834.3 m/s (35,545.6 ft/s). At 
11,723 seconds, the CSM separated from the launch vehicle at an 
altitude of 7,065.7 km (3,815.2 n mi) and a total Space-fixed 
velocity of 7,608.6 m/s (24,962.6 ft/s). Following LM extrac- 
tion, the launch vehicle maneuvered to a Slingshot attitude 
fixed relative to local horizontal. The retrograde velocity 

to achieve S-IVB/IU lunar slingshot was accomplished by a LOX 
dump, APS burn, and LH venting. The S-IVB/IU closest approach 
Of 3,379 km (1,825 n mi) to the lunar surface occurred at 

78.70 hours into the mission. 


The impact location of the expended S-IC stage was determined 
to be 30.212 degrees north latitude and 74.038 degrees west 
longitude at 543.7 seconds. The impact location of the ex- 
pended S-II stage was determined to be 31.535 degrees north 
Tatitude and 34.844 degrees west longitude at 1,213.7 seconds. 


section 2 of this document defines the coordinate Systems and 
launch parameters used for the postflight trajectory analysis. 
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SECTION 1 (Continued) 


The postflight mass point trajectory related parameters and 
analytical procedures are presented in Sections 3 through 7. 
The trajectory is divided into six phases: 


Ascent Phase 
Orbital Phase 
second Burn Phase 
Post TLI Phase 
Free Flight Phase 
Slingshot Phase 


>)O oO O&O wm 


The ascent phase, covering the portion of flight from guidance 
reference release to orbital insertion (709.33 seconds), is 
discussed in Section 3. This trajectory was established from 
data provided by external C-band radars and telemetered on- 
board data obtained from the ST-124M inertial platform. 


The second burn phase, discussed in Section 3, covers the 
portion of flight from S-IVB restart preparations to trans- 
lunar injection (10,213.03 seconds). This trajectory was 
established by integrating the ST-124M platform telemetered 
guidance velocities between constraining state vectors ob- 
tained from the orbital and post TLI trajectory phases. 


The orbital phase, discussed in Section 4, covers the portion 
of flight from orbital insertion to S-IVB restart preparations 
(9,278.2 seconds). The orbital trajectory was established 
from data provided by the C-band radars of the Manned Space 
Flight Network. 


The post translunar injection (TLI) phase, discussed in Section 
4, covers the portion of flight from the translunar injection 
to CSM separation (11,723 seconds). This trajectory was 
established from data provided by the C-band radars of the 
Manned Space Flight Network. 


The error analysis of the reconstructed trajectory is discussed 
in Section 5. The criteria for error analysis are included and 
trajectory uncertainty limits are assigned to the boost, parking 
orbit, second burn, and post TLI phases. 


The free flight phase, discussed in Section 6, covers the 
trajectories of the expended S-IC and S-II stages. These 
trajectories are based on initial conditions obtained from the 
postflight trajectory at separation. The nominal separation 
impulses for both stages were used in the simulation. 
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SECTION 1 (Continued) 


The slingshot phase, discussed in Section 7, covers the tra- 
jectory of the S-IVB/IU after it was Separated from the CSM/LM. 
This trajectory was produced by integrating orbital model 
equations forward from a state vector at 21.58 hours GMT, 
July 16, 1969, which was established by Goddard Space Flight 
Center from Unified S-band (USB) tracking data. 


Appendix A provides a detailed definition of the symbols, 
nomenclature, and coordinate systems used throughout the 
document. 


Appendix B tabulates the time history of the trajectory 
parameters in metric units. 


Appendix C tabulates the time history of the trajectory 
parameters in English units. 
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SECTION 2 
COORDINATE SYSTEMS AND LAUNCH PARAMETERS 


The time history of Observed Mass Point Trajectory parameters 
in both metric and English units is tabulated in Appendices B 
and C, respectively. These tabulations are in earth-fixed 
launch site, Jaunch vehicle navigation, and geographic polar 
coordinate systems. These coordinate Systems are defined in 
Reference 1, "Project Apollo Coordinate System Standards," 
(PACSS) and are designated PACSS10, PACSS1, and PACSS13, re- 
spectively. The trajectory symbols and terminology used in 
this document are defined in Appendix A. 


The Fischer Ellipsoid of 1960 (Reference 2) is used as the 
representative model for the earth and its gravitational field. 
All latitude and longitude coordinates are defined with respect 
to this ellipsoid. 


The geographic coordinates for Launch Complex 39, Pad A, at 
the Kennedy Space Center are as follows: 


Geodetic Latitude 28.608422 degrees north 
Longitude 80.604133 degrees west 


The height of the center of gravity of the launch vehicle 
above the reference ellipsoid is 59.4 m (194.9 ft). 


The azimuth alignments are as follows: 
Launch Azimuth 90.0 degrees east of north 


Flight Azimuth 72.058 degrees east of north 
ST-124M Platform Azimuth 72.058 degrees east of north 
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SECTION 3 
POWERED FLIGHT TRAJECTORY RECONSTRUCTION 
Sai POWERED FLIGHT TRAJECTORY 
3.1.1 Ascent Phase 


A comparison of actual and nominal times for significant flight 
events is presented in Table 3-I. The nominal times for these 
events are taken from Reference 3. 


The tracking stations and the vehicle ground track for the 
ascent phase are shown in Figure 3-1. 


The actual altitude, surface range, and cross range are shown 
in Figures 3-2 through 3-4, respectively, for the entire ascent 
trajectory. The magnitude of the total Space-fixed velocity 
vector and the associated flight path angle are shown in Figure 
3-5. The magnitude of the total inertial acceleration vector 
is shown in Figure 3-6. Mach number and dynamic pressure are 
Shown during the S-IC phase of the ascent trajectory in Figure 
3-7. 


Various trajectory parameters, such as altitude, velocity, and 
acceleration are given at some significant event times in 
Table 3-II. 


Engine cutoff and stage separation conditions are given in 
Tables 3-III and 3-IV, respectively. 


The ascent trajectory, from guidance reference release to 
parking orbit insertion, is tabulated in Tables B-] through 
B-III in metric units, and in Tables C-I through C-III in 
English units. These tables present the trajectory in the 
earth-fixed launch site (PACSS10), launch vehicle navigation 
(PACSS13), and geographic polar (PACSS1) coordinate systems. 
The definitions pertaining to the trajectory symbols and the 
coordinate systems are given in Appendix A. 


3cls2 Second Burn Phase 


A comparison of actual and nominal times for Significant 
flight events pertaining to the second burn phase is included 
in Table 3-I. 


The actual altitude is shown in Figure 3-8. The magnitude of 
the total space-fixed velocity vector and the associated flight 
path angle are shown in Figure 3-9. The magnitude of the total 
inertial acceleration vector is shown in Figure 3-10. The 
maximum total inertial acceleration and earth-fixed velocity 
are shown in Table 3-II. 
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Selwe (Continued) 

The second burn trajectory, from the time of S-IVB restart 
preparations to CSM separation, is tabulated in Tables B-V 
through B-VII in metric units, and in Tables C-V through 

C-VII in English units. These tables present the trajectory 
in the earth-fixed launch site (PACSS10), launch vehicle 
navigation (PACSS13), and geographic polar (PACSS1) coordinate 
systems. The definitions pertaining to the trajectory symbols 
and the coordinate systems are given in Appendix A. 


Se Targeting Parameters 


The actual and nominal targeting parameters are given in Table 
3-V. These nominal parameters are used in the guidance com- 
puter as terminal conditions for the powered flight phases. 
The actual targeting parameters were close to nominal. 


3.2 DATA SOURCES 
Se ae | Ascent Phase 


Tracking data and telemetered guidance velocity data were 
received during the period from first motion through orbital 
insertion. The time periods for which tracking system coverage 
was available are shown in Figure 3-11 and itemized in Table 
3-VI. The geographic locations of the tracking stations and 
the ground track for the ascent trajectory are shown in Figure 
3-1. The antenna locations for the tracking system and the 
vehicle center of gravity are shown in Figure 3-12. 


Considerable C-Band tracking data were furnished by the sta- 
tions located at Cape Kennedy, Patrick Air Force Base, Merritt 
Island, Grand Turk Island, and Bermuda Island. These tracking 
data were provided as measured parameters in azimuth angle, 
elevation angle, and slant range. These measurements are 
defined in Reference 1] and designated as PACSS3a. 


Comparisons between these data and the ascent trajectory were 
calculated in PACSS3a. The position components of the ascent 
trajectory in PACSS10 were corrected for the differences be- 
tween the center of gravity and the transponder location. The 
corrected position components were transformed into the meas- 
ured parameters of PACSS3a. Differences or deviations (track- 
ing data minus corresponding parameters derived from the ascent 
trajectory) were calculated, smoothed, and plotted as functions 
of time, and are shown in Figures 3-13 through 3-15. 


Cape Kennedy (1.16) radar provided tracking data from 25 to 


400 seconds. The azimuth angle measurements were noisy 
throughout the time span of tracking, and oscillated about 
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Sec 6 (Continued) 


the trajectory up to about 175 seconds. After 175 seconds, 
the azimuth angle measurements agree favorably with the tra- 
jectory with maximum deviation of 0.016 degree. The elevation 
angle measurements were noisy throughout the tracking period 
with maximum deviation of 0.037 degree from the trajectory. 
The slant range measurements contained little noise throughout 
the tracking period with maximum deviation of 48 m (157 tty 
from the trajectory. 


Patrick (0.18) radar provided tracking data from 25 to 500 
seconds. The azimuth angle measurements contained little noise 
throughout the tracking period. They deviated considerably 
from the trajectory up to about 225 seconds, but agree excel- 
lently thereafter with maximum deviation of 0.008 degree. The 
elevation angle measurements were noisy during the early por- 
tion (25 to 75 seconds) and the later portion (465 to 500 
seconds) of tracking. The elevation angle measurements also 
deviated considerably from the trajectory up to about 100 
seconds, and agree favorably with the trajectory in the time 
span from 100 to 465 seconds with maximum deviation of 0.028 
degree. The slant range measurements contained little noise 
throughout the tracking period with maximum deviation of 32 m 
(105 ft) from the trajectory. 


Merritt Island (19.18) radar furnished data from 80 to 425 
seconds. The azimuth angle measurements were of good quality 
except in the time spans of 80-120 and 165-200 seconds, where 
the data were erratic. The azimuth angle measurements reached 
a maximum deviation of 0.059 degree at 115 seconds, and de- 
creased rapidly thereafter with near zero deviation after 300 
seconds. The elevation angle measurements were of good quality 
and deviated a maximum of 0.030 degree from the trajectory. 
The slant range measurements were of good quality except in 
the time span of 170-200 seconds, where the data were erratic. 
The slant range measurements had a discontinuity at about 390 
seconds, indicating a switch from beacon to skin tracking. The 
maximum deviation of slant range measurements from the trajec- 
tory amounted to 35 m (115 ft). 


Grand Turk (7.18) radar supplied data from 230 to 520 seconds. 
The azimuth and elevation angle measurements were noisy and 
erratic throughout the tracking period. Although the slant 
range measurements contained little noise and deviated reason- 
ably from the ascent trajectory, the data were considered as 
invalid and were not used in the trajectory reconstruction. 


Bermuda (67.16) radar provided data from 275 to 710 seconds. 
The azimuth angle measurements contained little noise through- 
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3.2.1 (Continued) 


out the tracking period. Except for a characteristic deviation 
from 500 to 600 seconds, the azimuth angle measurements were 
in good agreement with the trajectory with maximum deviation 
Of 0.012 degree. The elevation angle measurements were noisy 
at the beginning (275 to 330 seconds) of tracking. A char- 
acteristic deviation occurred from 500 to 625 seconds. The 
elevation angle measurements were in good agreement with the 
trajectory near the end of trackina with a deviation of 0.022 
degree at parking orbit insertion (709.33 seconds). The slant 
range measurements contained little noise throughout the 
tracking period; however, a large deviation occurred in the 
interval 375 to 575 seconds. Approaching the end of the 
tracking period, the deviation in the slant ranae measurements 
decreased rapidly with a deviation of 48 m (157 ft) at parking 
orbit insertion. 


Bermuda (67.18) radar provided data from 250 to 710 seconds. 

The azimuth angle measurements contained little noise throughout 
the tracking period. As with the 67.16 radar, a characteristic 
deviation was evident from 500 to 600 seconds. Otherwise, the 
azimuth angle measurements were in good agreement with the tra- 
jectory with maximum deviation of 0.024 degree. The elevation 
angle measurements were noisy at the beginning (250 to 330 
seconds) of tracking. A characteristic deviation occurred from 
200 to 625 seconds. The elevation angle meaSurements were in 
good agreement with the trajectory near the end of tracking 
with a deviation of 0.030 degree at parking orbit insertion. 

The slant range measurements contained little noise throughout 
the tracking period; however, a large deviation occurred from 
400 to 575 seconds. Approaching the end of the tracking period, 
the deviation in the slant range measurements decreased rapidly 
with a deviation of 20 m (66 ft) at parking orbit insertion. 


er ae Second Burn Phase 

Telemetered guidance velocity data during the S-IVB second burn 
period were received. Also, C-band radar tracking data were 
obtained from the Redstone Ship from 9,726 to 10,098 seconds. 
These tracking data were found to be invalid and were not used 
in the trajectory reconstruction. 

3.3 TRAJECTORY RECONSTRUCTION 

coe ey Ascent Phase 

The ascent trajectory from guidance reference release to orbital 


insertion was established by a composite solution of available 
tracking data and telemetered onboard guidance velocity data. 
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Before the data were used in the trajectory solution, one or 
more of the following processing Steps was performed: 


Inspecting for format and parity errors 
Time editing 

Data editing and filtering 

Refraction correction 

Reformatting 

Coordinate transformation 


ADaA OM OD 


The position components of the tracking point of the vehicle 
in PACSS10 were established by merging the launch phase and 
ascent phase trajectory segments. 


The launch phase (from first motion to 20 seconds) was estab- 
lished by integrating the telemetered guidance accelerometer 
data and by constraining it to the early portion of the ascent 
phase trajectory. The ascent phase (from 20 seconds to orbital 
insertion at 709.33 seconds) was based on a composite fit of 
external tracking data and telemetered onboard quidance velocity 
data. The ascent phase was constrained to the insertion vector 
obtained from the orbital analysis of Section 4. The output 
data were transformed to the vehicle center of gravity. 


A computer program (GATE), which uses a guidance error model, 
was utilized. The telemetered guidance velocity data were 
used as the generating parameter, and error coefficients were 
estimated to best fit the tracking observations. The Kalman 
recursive method was used for the estimation. Reference 4 
gives a theoretical discussion of the GATE program. 


The position components, in PACSS10, were filtered and differ- 
entiated to obtain vehicle velocity and acceleration components. 
Since numerical differentiators tend to distort the data 

through the transient areas (engine cutoffs), the guidance 
velocity data were integrated and used to fill in these areas. 


The trajectory data in PACSS10 were then transformed to several 
coordinate systems. Various trajectory parameters were also 
calculated and are presented in Appendices B and C. In cal- 
culating the Mach number and dynamic pressure, measured meteoro- 
logical data were used up to an altitude of 56.0 km (30.2 n mi). 
Above this altitude the measured data were merged into the U.S. 
Standard Reference Atmosphere. 
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Sa ze second Burn Phase 


The second burn trajectory was established by combining an 
Orbital trajectory segment and a powered flight trajectory 
segment. 


The orbital trajectory segment covers the portion of flight 
From the beginning of S-IVB restart preparations (9,278.2 

seconds) to 9,715 seconds. This trajectory segment was ob- 
tained from the orbital solution as described in section 4. 


The powered flight trajectory segment covers the time span 

from 9,715 seconds to translunar injection (10,213.03 seconds). 
This trajectory segment was established by integrating the 
telemetered guidance velocity data forward from the state 
vector at 9,715 seconds and constraining the end point to the 
translunar injection vector (obtained from the post TLI tra- 
jectory of Section 4). The GATE Program was utilized for 

the solution. 


The Redstone Ship tracking data during the second burn phase 
were noisy and erratic. These tracking data were not utilized 
in the trajectory reconstruction. 


The position components, in PACSS10, were filtered, differen- 


tiated, shaped, and transformed in the same manner as described 
in Paragraph 3.3.1. 
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FIGURE 3-12. ANTENNA LOCATIONS AND CENTER OF GRAVITY 
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TABLE 3-1. 


EVENT 


Guidance Reference Release 


TIMES OF SIGNIFICANT EVENTS 


RANGE TIME, SEC 
ACTUAL | NOMINAL —JACT-NOM | 


-16.968 -16.987 


First Motion 

Start of Time Base |] 

Mach 1] 

Maximum Dynamic Pressure 
S-IC Center Engine Cutoff 
S-I1C Outboard Engine Cutoff 
S-IG/S-II Separation Command 
S-II Center Engine Cutoff 
S-II Outboard Engine Cutoff 
S-II/S-IVB Separation Command 
S-IVB Ist Guidance Cutoff 
Parking Orbit Insertion 
Begin S-IVB Restart Prepa- 


0.3 
0.6 
66.3 
83.0 
135.20 
161.63 
162.3 
460.62 
548.22 
549.0 
699.33 
709.33 


0.3 
0.7 

65 .6 
81.3 
135.26 
161.08 
161.8 
460.08 
551.65 
552.4 
699.49 
709.49 


rations 


S-IVB Engine Reignition 
(STDV Open) | 


S-IVB 2nd Guidance Cutoff 
Translunar Injection 


CSM Separation 





Begin Slingshot Maneuver 


9,278.2 9,277.3 


9,856.2 
10,203.03 
10,213.03 

11,723 


9,855.5 
10,204.06 
10,214.06 

11,704 


17 ,467.7 17 ,404.4 
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TABLE 3-II., SIGNIFICANT TRAJECTORY PARAMETERS 


First Motion 0.3 
10,47 


(34.35) 
Maximum Dynamic Pressure 











Range Time, sec 






Total Inertial Acceleration, m/se 
(ft/s?) 
(g) 














(1.07) 


Range Time, sec 





Altitude, km 
(n mi) 







83.0 
3.52 


Range Time, sec 
















Dynamic Pressure, N/cm2 









(lbf/ft2) (735.2) 
Altitude, km 13.6 
(n mt) (7.3) 













Maximum Total Inertial 
Acceleration: S-I¢ 






167.7) 


38.61 
(126.67) 
(3.94) 


460.70 


17.84 
(58.53) 
(1.82) 


699.4] 


Range Time, sec 





















Acceleration, m/s 
(ft/s?) 
(9) 


Range Time, sec 










Acceleration, m/sé 
(ft/s?) 
(g) 


Range Time, sec 
















S-IVB Ist Burn 







6.73 
(22.08) 
(0.69) 


10,203.11 


14.22 
(46.65) 
(1.45) 


Acceleration, m/s 
(ft/s?) 
(g) 


Range Time, sec 















S-IVB 2nd Burn 









Acceleration, m/s2 
(ft/s?) 
(g) 


















Maximum Earth-Fixed 
Velocity: $-IC 





Range Time, sec 162,30 












2,402.7 
(7,882.9) 


549.00 


6,515.7 
(21 ,377.0) 


709.933 


7,389.5 
(24,243.8) 


10,203.50 


Velocity, m/s 
(ft/s) 


Range Time, sec 



















Velocity, m/s 
(ft/s) 


Range Time, sec 





S-IVB 1st Burn 

















Velocity, m/s 
(ft/s) 





S-IVB 2nd Burn Range Time, sec 












10 ,433.4 
(34,230.3) 


Velocity, m/s 
(ft/s) 
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TABLE 3-IV. STAGE SEPARATION CONDITIONS 





S-IC/S-I1 S-ITI/S-IVB 
PARAMETER SEPARATION SEPARATION 
COMMAND COMMAND 


Range Time, sec 162.3 


Altitude, km 66.7 
(n mi) (36.0) 


Surface Range, km 95.1 
“tn mi ) (51.3) 


Space-Fixed Velocity, m/s 2,/73.9 
(ft/s) (9,100.7) 


Flight Path Angle, deg 


Heading Angle, deg 


Cross Range, km 
(n mi) 


Cross Range Velocity, m/s 
(ft/s) 


Geodetic Latitude, deg N 


Longitude, deg E 
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SECTION 4 
ORBITAL TRAJECTORY RECONSTRUCTION 
4. ORBITAL TRAJECTORIES 


The S-IVB/LM/CSM was inserted into a circular Parking orbit at 
709.33 seconds. While in parking orbit, vehicle subsystem 
checkout was carried out from the tracking stations and Mission 
Control Center at Houston. During the second revolution, 
approximately midway between Australia and Hawaii, the S-IVB 
stage was restarted and the vehicle was placed onto a circum- 
lunar trajectory. 


The parking orbit insertion conditions were close to nominal. 
The space-fixed velocity at insertion was equal to nominal, and 
the flight path angle was 0.013 degree greater than nominal. 
The eccentricity was 0.00001 less than nominal. The apogee 
and perigee were 0.5 km (0.3 n mi) and 0.6 km (0.3 n mi) less 
than nominal, respectively. 


The translunar injection (TLI) conditions were also close to 
nominal. The eccentricity was 0.00029 greater than nominal, 
the inclination was 0.004 degree greater than nominal, the 
node was 0.019 oes lower than nominal, and C3 was 16,877 
mé/s@ (181,663 ft2/s2) greater than nominal. The space-fixed 
velocity was 3.2 m/s (10.5 ft/s) greater than nominal, and the 
altitude was 3.1 km (1.6 n mi) less than nominal. 


The parking orbit trajectory spans the interval from insertion 
to begin S-IVB restart preparations (9,278.2 seconds). The 
post ILI trajectory covers the period from translunar injection 
(10,213.03 seconds) to CSM separation (11,723 seconds). These 
two orbital trajectories were established by the integration 

of the orbital model equations using the insertion/injection 
vector as the initial conditions. 


The insertion/injection conditions, as determined by the 

Orbital Correction Program (OCP), were obtained by a differ- 
ential correction procedure which adjusted the estimated 
insertion/injection conditions to fit the C-band radar tracking 
data in accordance with the weights assigned to the data. 

After all available C-band radar tracking data were analyzed, 
the stations and passes providing the better quality data were 
used in the determination of the Insertion/injection conditions. 


4-] PRECEDING PAGE BLANK NOT FILMED 


D5-15560-6 


4.2 ORBITAL DATA SOURCES 
4.2.1 Orbital Tracking Data 


Orbital tracking was conducted by the NASA Manned Space Flight 
Network (MSFN). A summary of the C-band tracking data is 
given in Table 4-I. There were also considerable Unified 
S-band (USB) tracking data available during these periods of 
flight which were not used due to the abundance of C-band 
radar data. 


4.2.2 Orbital Venting Acceleration Data 


During the orbit, no major thrusting occurred; however, the 
orbit was continuously perturbed by low-level LH2 venting 
thrust. To accurately model the orbit of the vehicle, this 
perturbation was taken into account. The venting model was 
derived from telemetered guidance velocity data from the 
ST-124M guidance platform. The guidance velocity data were 
fitted in segments by polynomials in time. These polynomials 
were analytically differentiated to obtain the acceleration 
components measured by the guidance platform. Table 4-II 
lists the acceleration polynomials derived by this method. 
Figure 4-1 reflects the best estimate of the total venting 
acceleration (RSS of components) after atmospheric effects 
and biases have been removed. 


4.3 TRAJECTORY RECONSTRUCTION 
4.3.1 Parking Orbit Insertion Conditions 


The Orbital Correction Program (OCP) was used to solve for the 
parking orbit insertion conditions utilizing C-band tracking 
data and the above-mentioned vent model. The insertion condi- 
tions are given in Table 4-III. The parking orbit solution 
was based on a composite fit of the two Bermuda stations at 
insertion, pass one of Carnarvon, pass two of Patrick, and 
pass two of Carnarvon. This combination of trackers is geo- 
metrically spaced to insure adequate coverage of the parking 
orbit. The Bermuda data at insertion were also used in the 
trajectory reconstruction of the ascent phase. The use of 
Bermuda data in the ascent phase solution and also in the 
orbital phase solution aids in assuring the continuity of the 
trajectory. The orbital solution, with the exception of the 
FPS-16M Bermuda radar, is based on the higher quality FPC-6 
radars. The ground track from parking orbit insertion to CSM 
separation is given in Figure 4-2. The parking orbit trajec- 
tory in PACSS1] is given in Tables B-IV and C-IV. 
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4.3.2 Translunar Injection Conditions 


The translunar injection (TLI) conditions were determined by 
the Orbital Correction Program (OCP) utilizing the post injec- 
tion C-band tracking data. The TLI conditions are given in 
Table 4-IV. The TLI state vector obtained by the GATE program 
from the integration of guidance velocity data agreed favorably 
with the OCP determined TLI vector. The post TLI trajectory 

1S included in Tables B-V through B-VII in metric units and 
Tables C-V through C-VII in English units. The CSM separation 
conditions are given in Table 4-V. 


4.4 ORBITAL TRACKING ANALYSIS 


The stations used to obtain the parking orbit insertion condi- 
tions and translunar injection conditions are given by Tables 
4-VI and 4-VII, respectively. These two tables also include 
the number of data points and the Root-Mean-Square (RMS) 
errors of the residuals for each data type. These RMS errors 
represent the difference between the actual radar observations 
and the calculated observations based on the orbital ephemeris 
defined by the initial conditions. The RMS residual errors in 
clude high frequency errors (assumed Gaussian), systematic 
errors due to instrumentation biases, mathematical model error, 
and errors in the correction for atmospheric refraction. 


The maximum RMS error of the radar residuals for the parking 
orbit was 18 m (59 ft) in slant range, 0.030 degree in elevation 
angle, and 0.015 degree in azimuth angle. The maximum RMS error 
of the radar residuals for the post TLI trajectory was 18 m 

(59 ft) in slant range, 0.025 degree in elevation angle, and 
0.020 in azimuth angle. The magnitudes of these RMS errors are 
reasonable and indicate. the validity of the parking orbit and 
post TLI trajectory. 
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TABLE 4-I. SUMMARY OF ORBITAL C-BAND TRACKING DATA AVAILABLE 


STATION TYPE OF RADARS REV 1] REV 2 POST TLI 


Bermuda 






















Tananarive 
Carnarvon 
California 
Patrick 
Grand Turk 
Redstone Ship 

Hawaii 
Antigua 


Ascension 





oa] 
X 






FPQ-6 
FPS-16M 
FPQ-6 
TPQ-18 
FPQ-6 
TPQ-18 
FPS-16M 
FPS-16M 


FPQ-6 


TPQ-18 


4-6 


x * 


TABLE 4-I1. 


710 
1,483 


.29883288x107> 
.19159214x107/ 
.46780418x107!9 
.34343775x107!3 


0 
0 


710 
9,840 


-13272155x10~” 


0.60177901x107! | 


0 
0 
0 
0 


710 
1,483 


.54491435x107° 
.37627287x10~/ 
.86370452x10 
.61633706x107'9 


-10 


0 
0 


ORBITAL 
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VENTING ACCELERATION POLYNOMIALS* 


yx * 
1,483 
9,535 


.12140570x107° 
.25510786x10~> 
.13961048x107!! 
.59877535x107/° 
89589398x10~|9 
-44624259x107*° 


Y 


Z 
1,483 
9,535 


.39339382x107° 
.24289009x1078 
.15008060x10~!| 
30356055x107!° 
.20894634x107!9 
.21112472x107 44 


9,535 
9,840 
-0.61607689x107° 
0.49930034x107/ 
-0.39763102x1072 
0.86249576x10~'¢ 


0 
0 
9,535 
9,840 
-0.26517094x10~° 
0.10419636x107 


-0.92767644x10 
0.22408258x107!? 
0 
0 


Polynomials are of the form a=CgtC ttCot@+Catr+Cytt+Cet? 


where a is the acceleration component (km/s¢@) and t = 


where Tp<T<Te. The begin time (Th) and the end time (Te) 


T-Th 


for the polynomial segments are expressed in seconds. 


The acceleration components are expressed in the launch 
vehicle platform-accelerometer system (PACSS12). 
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TABLE 4-LII. PARKING ORBIT INSERTION CONDITIONS 


PARAMETER VALUE 


Range Time, sec 709.33 















191.1 


Altitude, km 
(103.2) 


n mi) 



















P79 S31 
(25 567.9) 





Space-Fixed Velocity, m/s 
(ft/s) 








Flight Path Angle, deg 0.012 








Heading Angle, deg 88.848 





32.52] 





Inclination, deg 





123.088 





Descending Node, deg 


0.0002] 





Eccentricity 








186.0 
(100.4) 











Apogee*, km 
(n mi) 





183.2 
(98.9) 





Perigee*, km 
n mi) 






88.18 





Period, min 


32.672 





Geodetic Latitude, deg N 
-52.694 





Longitude, deg E 


*Based on a spherical earth of radius 6,378.165 km 
(3,443.934 n mi) 
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TABLE 4-IV.  TRANSLUNAR INJECTION CONDITIONS 


PARAMETER 


Range Time, sec 











10,213.03 













Altitude, km 
(n mi) 


334.4 
(180.6) 










10 ,834.3 
(35,545 .6) 


space-Fixed Velocity, m/s 
(ft/s) 






7.367 





Flight Path Angle, deg 





60.073 





Heading Angle, deg 





Inclination, deg 31.383 






121.847 
0.97696 






Descending Node, deg 






Eccentricity 





-1,391 ,607 
(-14,979,133) 






C3%*, m2/s¢@ 
(Ft2/s*) 






9,983 






Geodetic Latitude, deg N 





Longitude, deg E -164.837 






* Twice the specific energy of orbit 


C3 = Ve - ee 


where V = Inertial Velocity 
vu = Gravitational Constant 
R = Radius vector from center of earth 
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TABLE 4-V. CSM SEPARATION CONDITIONS 


PARAMETER 


Range Time, sec 








IVa h23 











7,065.7 


Altitude, km 
(3,815.2) 


(n mi) 













7,608.6 
(24 ,962.6) 





Space-Fixed Velocity, m/s 
(ft/s) 






Flight Path Angle, deg 45.148 






93.758 
31.246 


Heading Angle, deg 





Geodetic Latitude, deg N 






~90.622 






Longitude, deg E 
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SECTION 5 
TRAJECTORY ERROR ANALYSIS 
a5. ERROR ANALYSIS 


The confidence level or uncertainty one may assign to a recon- 
Structed trajectory depends on the degree of fulfillment of the 
following criteria: 


Quantity of Tracking Data 
Quality of Tracking Data 
Consistency between Tracking and Guidance Velocity Data 
Continuity between Trajectory Segments | 


ono 


These criteria vary from flight to flight. Therefore, a ric- 
Orous statistical error analysis of the reconstructed trajec- 
tory is difficult to obtain. The following paragraphs summarize 
the results for this flight, and lead to the position and ve- 
locity uncertainties for the reconstructed trajectory. 


ae en Quantity of Tracking Data 


The available tracking data for the powered flight phases are 
civen in Figure 3-11 and Table 3-VI. The tracking coverages 

for the parking orbit and post TLI phases are given in Table 

4-1. 


The tracking stations for the ascent and post TLI phases pro- 
vided extensive redundant coverages. The available tracking 
data during parking orbit provided adequate coverage. The 
Redstone Ship C-band tracking data were available for a portion 
of the second burn phase. 


Dow Lace Quality of Tracking Data 


The tracking data were generally of good quality. The Grand 
Turk (7.18) radar data for the ascent phase and the Redstone 
Ship radar data for the second burn phase were found to be 
invalid. However, the tracking data furnished before and 
after the second burn phase were of good quality. 


Comparisons of the tracking data in measured parameters (PACSS3a) 
with the ascent trajectory are shown in Figures 3-13 through 
3-15. These plots indicated that the tracking data from the 
different stations were mutually consistent. Except for the 
characteristic data deviations from the Bermuda stations occur- 
ring approximately in the time span 400-600 seconds, the track- 
ing data deviations were of acceptable magnitude. The tracking 
data obtained during the parking orbit and post TLI phases were 


a~ | 
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oy et ane (Continued) 


of good quality. The RMS errors of residuals for each data 
type are given in Tables 4-VI and 4-VII, respectively. 


The tracking data were transformed into the earth-fixed launch 
Site coordinate system (PACSS10) and differenced with the re- 
constructed trajectory to provide a more direct indication of 
the spread of the tracking data. The tracking data spreads 
for the ascent, parking orbit, and post TLI phases are given 
in Tables 5-I through 5-III, respectively. 


a pee Meee. Consistency Between Tracking and Guidance Velocity Data 


The consistency between tracking and guidance velocity data 
can be obtained by examining the guidance velocity error plots 
during powered flight trajectory segments. These error plots 
give the differences between the guidance velocities from the 
ST-124M platform and those derived from the reconstructed tra- 
jectory. 


The guidance velocity error plots for the ascent phase had 
reasonable shapes and magnitudes. The maximum error amounted 
to 1.5 m/s (4.9 ft/s) in the X-direction, 2.8 m/s (9.2 ft/s) 
in the Y-direction, and 0.7 m/s (2.3 ft/s) in the Z-direction, 
referenced to launch vehicle platform-accelerometer coordinate 
system (PACSS12). 


The guidance velocity error plots for the second burn phase 
had reasonable shapes and magnitudes. The maximum error 
amounted to 1.2 m/s (3.9 ft/s) in the X-direction, 1.7 m/s 
(5.6 ft/s) in the Y-direction, and 0.9 m/s (3.0 ft/s) in the 
Z-direction, referenced to PACSSI2. 


5.1.4 Continuity Between Trajectory Segments 


The continuity between trajectory segments can be obtained by 
examining the spread of solutions at parking orbit insertion 
and translunar injection before the trajectory segments were 
merged together. 


Comparisons of the spread of solutions at the parking orbit 
insertion obtained independently by the powered flight and 
orbital analyses yielded good agreement. The position and 
velocity components of the solutions had a spread of 70 m 

(230 ft) and 0.3 m/s (1.0 ft/s) in the downrange direction, 

170 m (558 ft) and 0.8 m/s (2.6 ft/s) in the vertical direction, 
and 130 m (427 ft) and 1.7 m/s (5.6 ft/s) in the crossrange 
direction, referenced to the earth-fixed launch site coordinate 
system (PACSS10). 


D5-15560-6 


5.1.4 (Continued) 


Comparisons of the TLI vectors determined independently from 
the powered flight and orbital analyses yielded good agreement. 
The TLI vector from the powered flight analysis was obtained by 
Propagating forward the state vector at 9,715 seconds (from 
Parking orbit analysis) to 10,213.03 seconds. The TLI vector 
from the orbital analysis was determined separately by using 
the post TLI tracking data. The position and velocity compon- 
ents of the two solutions had respectively a spread of 90 m 
(295 ft) and 0.3 m/s (1.0 ft/s) in the X-direction, 80 m 

(262 ft) and 1.2 m/s (3.9 ft/s) in the Y-direction, and 430 m 
(1,411 ft) and 1.4 m/s (4.6 ft/s) in the Z-direction, refer- 
enced to the earth-fixed launch site coordinate System (PACSS10). 


A dispersion analysis was performed for the parking orbit tra- 
jectory. Three solutions were obtained by judiciously 
selecting various tracking data combinations. The parking orbit 
insertion vectors had a spread in position and velocity compon- 
ents respectively of 60 m (197 ft) and 0.3 m/s (1.0 ft/s) in 
downrange (Z), 275 m (902 ft) and 0.1 m/s (0.3 ft/s) in vertical 
(X), and 80 m (262 ft) and 0.2 m/s (0.7 ft/s) in crossrange 

(Y), referenced to the earth-fixed launch site coordinate 

system (PACSS10). 


de TRAJECTORY UNCERTAINTIES 


Based on the information of Paragraph 5.1, past experience, and 
engineering judgment, the trajectory uncertainties were esti- 
mated. 


The trajectory uncertainties for the ascent phase are shown in 
Figure 5-1. At S-IC OECO, the uncertainties in position and 
velocity components in PACSS10 are +60 m (+197 ft) and +0.4 m/s 
(+1.3 ft/s), respectively. At S-II OECO, the uncertainties in 
position and velocity components in PACSS10 are +350 m (+1,148 
ft) and +0.7 m/s (+2.3 ft/s), respectively. At insertion and 
throughout the parking orbit, the uncertainties in position 
and velocity components in PACSS10 are +500 m (+1,640 ft) and 
+1.0 m/s (43.3 ft/s), respectively. The trajectory uncertain- 
ties increased to +750 m (42,461 ft) in position components 
and +1.5 m/s (+#4.9 ft/s) in velocity components at TLI. The 
trajectory uncertainties at CSM separation are +1 ,500 m 
(+4,921 ft) in position components and +2.0 m/s (+6.6 ft/s) 

in velocity components. 


9-3 





D5-15560-6 





ISfHd LNFISV ~ ALNIVLYIJINA AYOLIACHYL Q3lvWwIls3 


SONOISS - 3WIL JONYH 


$99 1S 
| dAI-S 





00d 009 00S 00+ O0€ 002 © OOL 


“L7S dandI4 


(3Z0 ‘3AQ ‘3XQG) 


S/Wt - 


X ) 


We - (3Z “JA $3 


Ol 
S/14¥ - (370 ‘3AQ S3xQ) 


3X) 


3A 


l47 - (42 


G4IXI4-HLYVG 


SININOdGWOD ALIDOTSA 


QIXId-HLYVG 


SININOdWOD NOILISOd 


5-4 


D5-15560-6 


OD 


Pow 


| (4d L9G) | 

| wt OLL 
(14 292) 

W Og W 00S 


(24 292) 
Ww Og 


(23 LEL) 

We OY 

(33 292) 

W Og 
Te 





OLSSIVd UL Passaudxq yx 


(9-Odj) 4epey (g8L°79) 


(W9L-Sd4) 4epey (91°79) 


( GZS) 
O91 (8L-Odl) wepey (SL°6L) puelLstT 


OOL 


( v6£) 
OZL 
Co 


at 
lil 

(23 82¢€) 
Lil 

a4 
Ww 


ASWHd LNADSV - ¥OVIuNdS VLVO ONINOVYL 


(9-Od4) 4uepey (8L°0) 


NOILVLS 


“I-GS 378vl 


epnuuag 





epnuuag 


2 L4sayy 


YOLAZeY 


(9L-Sdi) 4epey (91°) Apauuay adey 


9-9 


D5-15560-6 


JSVHd LIGyO ONTAYVd 





(24 999) 
Ww O02 


(34 v6E) 
W OZL 


(24 786) 
WwW OO€ 


*GVdddS VLYd ONINOVYL 


OLSSIVd UL passoudxy x, 


c Ady (9-D0d4) UOAUeUNeRD 


¢ A8Y (9-Odd) 4OL4zed 


L Ady (9-Od4) UOAUeUUe) 


L Avy (9-0d4) epnwuag 


L Aex (W9L-Sd4) epnusag 





NOTLVLS 


“TI-S J79Vvl 


9-6 


D5-15560-6 


4ISWHd 


Ill LS0d 


OLSSIVd UL Passoudx] yx 


C92‘ p) (twou 
G68°L WW > 


(8L-OdL) 
YAN] pueug 


(8L-DdL) 
PLUMOJLL EY 


NOTLVILS 
JONVY INVIS 





*OVSUdS VLVG ONINIVYL “III-S 379vL 


5-/ 


D5-15560-6 


THIS PAGE INTENTIONALLY LEFT BLANK. 


9-8 


D5-15560-6 


SECTION 6 
SPENT STAGE TRAJECTORIES 
6.1] S-IC SPENT STAGE TRAJECTORY 


Postflight predictions of earth surface impact parameters for 
the spent S-IC stage were computed using a mass point trajec- 
tory simulation computer program. S-IC postflight burnout 
position and velocity data were combined with nominal main 
propulsion system decay performance and nominal retro rocket 
performance to initialize the simulation program. 


Three separate theoretical trajectories were computed for the 
spent S-IC stage. These three trajectories represent the fol- 
Towing booster atmospheric entry conditions: 


a. Zero-degree angle-of-attack entry 
b. Ninety-degree angle-of-attack entry 
c. Tumbling entry 


The tumbling booster case is considered to define actual case 
impact conditions although no tracking coverage was available 
for confirmation. 


Results of the three computed S-IC spent stage trajectories 
aré summarized in Table 6-I. The ground track is shown in 
Figure 6-1. 


6.2 S-IIT SPENT STAGE TRAJECTORY 


Three separate theoretical trajectories, corresponding to the 
zero-degree, ninety-degree, and tumbling case trajectories 
computed for the S-IC stage, were computed for the spent S-II 
stage. 


The computed results, assuming a tumbling stage, were considered 
to define stage impact conditions since no tracking coverage 
of the spent S-II stage was available. 


Results of the three computed S-II spent stage trajectories 


are summarized in Table 6-II. The ground track is shown in 
Figure 6-1. 


PRECEDING PAGE BLANK NOT FILMED 
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TABLE 6-I. S-IC SPENT STAGE TRAJECTORY PARAMETERS 


EVENT PARAMETER VALUE 


Impact: Tumbling Case Range Time, sec 543.7 











30.212 





Latitude, deg N 





Longitude, deg E -74.038 






661.4 
(357.1) 


Surface Range, km 
(n mi) 























Impact: 0° Angle-of- 503.5 


Attack 


Range Time, sec 








Latitude, deg N 30.231 





Longitude, deg E ~73.942 





671.0 
(362.3) 


Surface Range, km 
(n mi) 




















Impact: 90° Angle-of- 577.8 


Attack 


Range Time, sec 














Latitude, deg N 30.198 





Longitude, deg E -74,105 






654.9 
(353.6) 






surface Range, km 
(n mi) 







Apex: Tumbling Case Range Time, sec 269.1 










115.0 
(62.1) 


Altitude, km 
(n mi) 












ca a 


Surface Range, km 
(176.8) 


(n mi) 
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TABLE 6-II. S-II SPENT STAGE TRAJECTORY PARAMETERS 


EVENT PARAMETER VALUE 


Impact: Tumbling Case | Range Time, sec | re 2 es ee 
















Latitude, deg N 34-4535 





~34.844 





Longitude, deg E 






4,392.5 
(2.497:).40) 






Surface Range, km 
(n mi) 











Impact: 0° Angle-of- 1,179.9 


Attack 


Range Time, sec 





















Latitude, deg N 31.497 





Longitude, deg E -34.582 





4,417.8 


Surface Range, km 
(2590524) 


(n mi) 













Veeo2 37 





Impact: 90° Angle-of- | Range Time, sec 


Attack 











Latitude, deg N re a 





Longitude, deg E 304143 






4,366.7 
(2,357.8) 






Surface Range, km 
(n mi) 










Apex: Tumbling Case Range Time, sec 987.0 





188.8 


Altitude, km 
(101.9) 


(n mi) 














1,862.9 
(1,005.9) 






surface Range, km 
(n mi) 
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SECTION 7 
S-IVB/IU SLINGSHOT TRAJECTORY 


Following LM extraction, the S-IVB/IU was placed on a lunar 
Slingshot trajectory. This was accomplished by Slowince down 
the S-IVB/IU to make it pass by the trailina edge of the moon 
and obtain sufficient energy to continue to a solar orbit. 

The velocity increase was achieved by a combination of 108- 
second LOX dump, 280-second APS burn, and LHo vent. A time 
history of the vehicle longitudinal velocity increase for the 
Slingshot maneuver is presented in Figure 7-1. Table 7-I 
presents a comparison of the actual and nominal velocity 
Increase due to the various phases of the maneuver. The major 
error contribution in total velocity increase is the resultina 
7.3 m/s (24.0 ft/s) from the continuous ventina system (CVS) 
as compared to 3.5 m/s (11.5 ft/s) for the predicted value. 
Figure 7-2 presents the resultant conditions for various 
velocity increases at the given attitude of the vehicle for 
the maneuver. 


The S-IVB/IU closest approach of 3,379 kilometers (1,825 n mi) 
above the lunar surface occurred at 78.70 hours into the mis- 
Sion. The trajectory parameters were obtained by integrating 
forward a vector furnished by Goddard Space Flight Center 
(GSFC) which was obtained from USB tracking data durina the 
active lifetime of the S-IVB/IU. The actual and nominal 
conditions at closest approach are presented in Table 7-IlI. 
Figure 7-3 illustrates the influence of the moon on the S-IVB/IU 
energy (velocity) relative to the earth and shows that the 
S-IVB/IU escaped as a result of the Tunar encounter. Fiaure 
7-4 jllustrates the relationship between the S-IVB/IU and the 
Spacecraft in the lunar vicinity, with all paths shown in the 
spacecraft's orbital plane. The spacecraft had completed one 
lunar revolution prior to S-IVB/spacecraft close approach, at 
which time the two vehicles were approximately 3,500 km (1,890 
nmi) apart. Some of the heliocentric orbit parameters of the 
S-IVB/IU are presented in Table 7-IIJI. The same parameters 
For the orbit of the earth are also presented for comparison. 
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TABLE 7-I. COMPARISON OF SLINGSHOT MANEUVER VELOCITY 
INCREMENT 


PARAMETER ACTUAL NOMINAL 


Longitudinal Velocity Increase, m/s 
(ft/s) 









LOX Dump, m/s 


(ft/s) 


APS Burn, m/s 
(ft/s) 







Continuous Vent System*, m/s 
| (ft/s) 






* Latched open at 17,468 seconds 
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TABLE 7-IT. COMPARISON OF LUNAR CLOSEST APPROACH 
PARAMETERS 


PARAMETER ACTUAL 





NOMINAL 























Selenocentric Distance, km 3,700 
(n mi) (1,998) 

Altitude Above Lunar Surface, km 1,962 
(n mi) (1,059) 


Time from Launch, hr 78.4 












Velocity Increase Relative to 
Earth from Lunar Encounter, km/s 
(n mi/s) 






0.860 
(0.464) 
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TABLE 7-III. HELIOCENTRIC ORBIT PARAMETERS 


PARAMETER S-IVB/TU EARTH 


Semimajor Axis, 10° km 
(10° n mi) 


Aphelion, 10° km 


(10° n mi) 


Perihelion, 10° km 
(10° n mi) 


Inclination,* deg 


Period, days 





* Measured with respect to the ecliptic plane 
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APPENDIX A 


DEFINITIONS OF TRAJECTORY SYMBOLS AND COORDINATE SYSTEMS 


SYMBOL 


XE, YE, ZE 
DXE, DYE, DZE 
DDXE, DDYE, DDZE 


XS, 
DXS, 
DDXS, 


VS% 25 
DYS, 
DDYS, 


DZS 
DDZS 


GC DIST 
GC LAT 
GD LAT 
LONG 


DEFINITION 


Position, velocity, and acceleration compo- 
nents of vehicle center of gravity in Earth- 
Fixed Launch Site Coordinate System. The 
origin of this system is at the intersection 
of Fischer Ellipsoid (1960) and the normal 
to it which passes through the launch site. 
The X axis coincides with the ellipsoid 
normal passing through the site, positive 
upward. The Z axis iS parallel to the 
earth-fixed flight azimuth, defined at 
guidance reference release time, and is 
positive down range. The Y axis completes 

a right-handed system. This coordinate 
System is identical to Standard Coordinate 
System 10 of Project Apollo Coordinate System 
Standards, abbreviated as PACSS10. 


Position, velocity, and acceleration compo- 
nents of vehicle center of gravity in Launch 
Vehicle Navigation Coordinate System. The 
origin of this system is at the center of 

the earth. The X axis is parallel to Fischer 
Ellipsoid normal through the launch site, 
positive upward. The Z axis is parallel to 
the flight azimuth, positive downrange. 

The Y axis completes a right-handed system. 
The direction of the coordinate axes remains 
fixed in space at guidance reference release. 
This coordinate system is identical to 
Standard Coordinate System 13 of Project 
Apollo Coordinate System Standards, abbrevi- 
ated as PACSS13. 


Position components of vehicle center of 
gravity in Geographic Polar Coordinate 
system. Position in this system is defined 
by the geocentric distance (GC DIST), geo- 
centric latitude (GC LAT), geodetic latitude 
(GD LAT), and longitude (LONG). Geocentric 
distance is the distance from the geocenter 
to vehicle center of gravity. Geocentric 
latitude is the angle between the radius 
vector of the subvehicle point and the equa- 
torial plane, positive north of the equa- 
torial plane. Geodetic latitude is the 


A-] 





SYMBOL 


EF VEL 
VEL-AZ 
VEL-EL 


SF VEL 
FLT-PATH 
HEAD 
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APPENDIX A (Continued) 
DEFINITION 


angie between the normal to the Fischer 
Ellipsoid through the subvehicle point and 
the equatorial plane, positive north of the 
equatorial plane. Longitude is the angle 
between the projection of the radius vector 
into the equatorial plane and the Greenwich 
meridian, positive east of the Greenwich 
meridian. This coordinate system is iden- 
tical to Standard Coordinate System | of 
Project Apollo Coordinate System Standards, 
abbreviated as PACSS]. 


Farth-fixed velocity of vehicle center of 
gravity in Geographic Polar Coordinate 
System. Velocity in this system is given 
in terms of azimuth (VEL-AZ), elevation 
(VEL-EL), and magnitude of the velocity 
vector (EF VEL). Azimuth is the angle be- 
tween the projection of the velocity vector 
into the local horizontal plane and the 
north direction in this plane, positive 
east of north. Elevation is the angle be- 
tween the velocity vector and the local 
horizontal plane, positive above the hori- 
zontal plane. This coordinate system is 
identical to Standard Coordinate System | 
of Project Apollo Coordinate System Stand- 
ards, abbreviated as PACSSI1]. 


Space-fixed velocity of vehicle center of 
gravity in Geographic Polar Coordinate 
System. Velocity in this system is given 
in terms of heading angle (HEAD), flight 
path angle (FLT-PATH), and magnitude of 
velocity vector (SF VEL). Heading angle is 
the angle between the projection of the 
velocity vector into the local horizontal 
plane and the north direction in this plane, 
positive east of north. Flight path angle 
js the angle between the velocity vector 
and the local horizontal plane, positive 
above the horizontal plane. This coordi- 
nate system is identical to Standard Co- 
ordinate System 1 of Project Apollo 
Coordinate System Standards, abbreviated 

as PACSSI. 


SYMBOL 
ALTITUDE 


RANGE 


TIME 
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APPENDIX A (Continued) 
DEFINITION 


Perpendicular distance from vehicle 2nter 
Of gravity to Fischer Ellipsoid, positive 
above Fischer Ellipsoid. 


Surface range, measured along Fischer Ellip- 
sSoid from the launch site to the subvehicle 
point. 


Range time, referenced to nearest integer 
second before IU umbilical disconnect. 
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APPENDIX B 
TIME HISTORY OF TRAJECTORY PARAMETERS - METRIC UNITS 


The postflight trajectory, from guidance reference release to 
CSM separation,is tabulated in metric units in Tables B-I 
through B-VII. 


Table B-I gives the earth-fixed launch site position, velocity, 
and acceleration components for the ascent phase of the flight. 


Table B-II gives the launch vehicle navigation position, 
velocity, and acceleration components for the ascent phase of 
the flight. 


Table B-III gives the geographic polar coordinates for the 
ascent phase of flight. 


Table B-IV gives the geographic polar coordinates for the 
parking orbit phase of flight. 


Table B-V gives the earth-fixed launch site position, velocity, 
and acceleration components for the second burn phase of the 
flight. | 


Table B-VI gives the launch vehicle navigation position, 
velocity, and acceleration components for the second burn 
phase of flight. 


Table B-VII gives the geographic polar coordinates for the 
second burn phase of flight. 
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APPENDIX C 
TIME HISTORY OF TRAJECTORY PARAMETERS - ENGLISH UNITS 


The postflight trajectory, from guidance reference release to 
CSM separation,is tabulated in English units in Tables C-I 
through C-VII. 


Table C-I gives the earth-fixed launch site position, velocity, 
and acceleration components for the ascent phase of Flight. 


Table C-II gives the launch vehicle navigation position, 
velocity, and acceleration components for the ascent phase of 
Flight. 


Table C-III gives the geographic polar coordinates for the 
ascent phase of flight. 


Table C-IV gives the geographic polar coordinates for the 
parking orbit phase of flight. 


Table C-V gives the earth-fixed launch site position, velocity, 
and acceleration components for the second burn phase of 
Flight. 


Table C-VI gives the launch vehicle navigation position, 
velocity, and acceleration components for the second burn 
phase of flight. 


Table C-VII gives the geographic polar coordinates for the 
second burn phase of flight. 
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